from the susceptible Donryu strain and a recent study has shown Michael C.Archer 1,2, 4 that Donryu rats have a reduced T-cell response compared with DRH rats (6). The authors proposed that this immunological Madison, WI) were crossed to a nude male rat to yield F1s. to examine whether T-cells play a role in Cop resistance.
physiologically normal. We decided, therefore, to examine Previously, we have shown that Copenhagen (Cop) rats are whether T-cells play a role in Cop resistance. We crossed Cop highly resistant, compared with susceptible F344 rats, to rats with an athymic nude rat to produce F1s that were then the growth of glutathione S-transferase 7-7 (GST 7-7)
interbred to produce F2 animals, some of which were athymic positive preneoplastic liver lesions following treatment with with a partial Cop background. A comparison of the growth a modified resistant hepatocyte (RH) protocol. Donryu rats, of preneoplastic liver lesions following the RH protocol a strain with a level of susceptibility similar to F344, have between athymic (nude) F2 animals and their euthymic (nona reduced T-cell response compared with the closely related, nude) littermates allowed us to determine what role, if any, but highly resistant, DRH rat. Cop and DRH rats share T-cells play in Cop resistance.
several characteristics in their resistance to preneoplastic
Female Cop rats (all rats from Harlan Sprague-Dawley, liver lesion growth and this study, therefore, was designed Madison, WI) were crossed to a nude male rat to yield F1s. to examine whether T-cells play a role in Cop resistance.
Interbreeding of the F1s yielded F2s that were either athymic Cop rats were crossed with an athymic (nude) rat to (nude) or euthymic (non-nude). To prove that the nude F2 rats produce F1s that were then interbred to produce F2
were indeed athymic, we examined their peripheral blood by animals, some of which were nude with a partial Cop flow cytometry as described previously (8) . White blood cells background. A comparison of the susceptibility of nude F2 from F2 rats were isolated from blood collected from the retroanimals and their euthymic (non-nude) littermates allowed orbital sinus and stained using a FITC-labeled anti-CD5 pan
us to determine what role, if any, T-cells play in Cop
T-cell specific antibody (Cedarlane, Ontario, Canada). Gated resistance. We treated 11 Cop, 11 F344, 19 nude F2s, and cells (10 4 /sample) were then counted on a FACscan flow 18 non-nude F2s with diethylnitrosamine (DEN), followed cytometer (Becton Dickinson, CA). We found that F2 nude 3 weeks later by a modified RH protocol. As expected, rats were athymic having no T-cells, whereas non-nude F2s F344 rats were highly susceptible, having 41.9 ⍨ 3.3%
had normal levels of T-cells (data not shown, see ref. 8 for (mean ⍨ SEM) of their liver section areas occupied by representative results). GST 7-7-positive lesions and Cop rats were highly resistant,
We treated 7-8 week-old male rats (11 Cop, 11 F344, 19 having only 4.7 ⍨ 1.1% of their liver section areas occupied by lesions. Both nude and non-nude F2s were, like Cop nude F2s and 18 non-nude F2s) with an i.p. injection of rats, highly resistant (1.8 ⍨ 0.29 and 2.7 ⍨ 0.45%, 200 mg/kg DEN (Eastman Kodak, Rochester, NY), followed respectively). These results show that T-cells are unneces-3 weeks later by a modified RH protocol as previously sary for Cop rat resistance, or only play a minor role, and described (1,9). Briefly, this consisted of 3 daily gavages of that the nude parental strain is also likely to be resistant 20 mg/kg 2-acetylaminofluorene (Sigma, St Louis, MO), to the growth of preneoplastic liver lesions.
followed the next day by 2 ml/kg CCl 4 by gavage. All rats were killed 3 weeks later and sections of their livers were immunostained for GST 7-7-positive lesions as previously described (1). As expected, F344 rats were highly susceptible to promotion Previously, we have shown that Copenhagen (Cop) rats are using the RH protocol having 41.9 Ϯ 3.3% of their liver highly resistant to the formation of preneoplastic liver lesions section areas (mean Ϯ SEM) occupied by GST 7-7-positive initiated by diethylnitrosamine (DEN) and promoted using the lesions and Cop rats were highly resistant, having only 4.7 Ϯ modified resistant hepatocyte (RH) protocol (1,2). Compared 1.1% of their liver section areas occupied by lesions. Both with susceptible F344 rats, Cop rats had~10-fold less of their nude and non-nude F2s were highly resistant (Figure 1 ). liver volumes occupied by glutathione S-transferase 7-7 (GST Neither of the F2 groups were significantly different from each 7-7)-positive lesions 3 weeks following treatment with the RH other, or from the Cop rats, but they were significantly different protocol. DRH rats are also highly resistant to the growth of from F344 rats (P Ͻ 0.001, one-way ANOVA with a Tukey preneoplastic liver lesions (3-5). This strain was developed post-test). Also, no grossly visible lesions were present in any of the Cop or F2 rats, but all the F344 rats had grossly visible difficult. For example, although nude rats develop tumors and metastases after the injection of cancer cells (11, 12) , if the mechanism of resistance of nude rats involves stromal factors, this could influence the growth of lesions and their response to experimental manipulation. Since susceptible Donryu rats were found to have a reduced T-cell response compared with resistant DRH rats (6), our results suggest that the resistance of DRH and Cop rats is caused by different mechanisms. This may not be the case, however, since Mise-Omata et al. (6) found that Donryu rats had a lower T-cell response than DRH rats in some, but not all, of their assays. Indeed, some individual Donryu rats had higher T-cell responses than DRH rats. Furthermore, this study showed that the T-cell response of DRH rats is similar to Sprague-Dawley and Wistar rats. These two latter strains, however, are not resistant to liver lesion growth, but are of intermediate susceptibility (13). This would indicate that T-cell function does not correlate with the level of resistance. Thus, it is possible that T-cells do not play a significant role in DRH rat resistance, and Cop and DRH rats may, therefore, share a common resistance mechanism(s).
rats were significantly different from the other groups (P Ͻ 0.01).
Previously, we have shown that Cop rat resistance to mammary tumorigenesis does not involve T-cells (8) . In the current study, we show that T-cells are also not involved in the resistance numbers of lesions per mm 2 of liver section area were not different between Cop, nude F2s and non-nude F2s (Cop, of Cop rats to hepatocarcinogenesis. Copϫnude F2 rats are highly resistant to the growth of GST 7-7-positive liver lesions 0.60 Ϯ 0.04; nude, 0.85 Ϯ 0.08; non-nude, 0.75 Ϯ 0.09; mean Ϯ SEM), indicating that factors involved in initiation initiated with DEN and promoted with the RH protocol. Furthermore, there was no difference in the level of resistance of nude were similar in these groups. Since F344 rat lesions were coalescing, their number could not be measured.
and non-nude F2s. These results show that T-cells are unnecessary for Cop rat resistance, or only play a minor role, and that From the results of this study it is clear that compared with F344 rats, Cop, F2 nude and F2 non-nude rats are all highly the nude parental strain is also likely to be resistant to the growth of preneoplastic liver lesions. resistant to the growth of GST 7-7-positive liver lesions initiated by DEN and promoted using the RH protocol. Previously, we have shown that Cop rats carry a minimum of
